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TESTS  OF  CEMENT 


One  of  the  most  important  and  striking  of  recent  industrial 
developments  has  been  the  enormous  increase  in  the  use  of  ce- 
ment. The  growth  in  the  United  States  of  its  consumption  and 
manufacture  in  recent  years  is  shown  by  the  following  table. 

TABLE  NO.  1 
CONSUMPTION  AND  MANUFACTURE  OF  CEMENT  IN  THE  UNITED  STATES 


Year 

PORTLAND  CEMENT 

Natural 
Cement- 
Domestic 
Bbls. 

Slag 
Cement- 
Domestic 
Bbls. 

Total 
Bbls. 

Imported 
Bbls. 

Domestic 
Bbls. 

Total 
Bbls 

1890 

1940186 

335000 

2275186 

7082204 

9357390 

1891 

2988313 

I.MM:; 

3443126 

7451535 

1C894661 

1892 

2440664 

547440 

2988094 

8211181 

11199275 

Utt 

2674149 

690662 

3264801 

7411815 

10676616 

iv.M 

2638107 

7987E7 

343(864 

7563488 

11000352 

1895 

2997395 

199324 

3987719 

7741077 

11728796 

1896 

2989597 

1543023 

4632420 

797M60 

12265 

12515335 

1897 

2090924 

267777  i 

4768699 

8311688 

is:;::. 

13128716 

1898 

2013818 

3692281 

5706102 

8418924 

l.-.i's:.:, 

14275921 

1899 

2108388 

5^52266 

7760654 

9668179 

335000 

17963833 

1900 

238-683 

8482020 

10868703 

8383519 

JIM;.-.. 

19698831 

1901 

939330 

UT11225 

13650555 

7084823 

L'Tl'tMt 

21008067 

1902 

1994787 

19225431 

8044306 

•i  TV,:,:, 

32055286 

1903 

2317950 

L'l'.:  12973 

24660888 

7030271 

525896 

32217090 

1904 

26606881 

4866331 

303045 



Fig.   2.     MO-DEL  REINFORCED  CONCRETE  CULVERTS,   IGWA  STATE  HIGH- 
WAY   COMMISSION,    AMES,    IOWIA. 

Models   include  one   end   of  culvert   in   each   case.    Dimensions   are  2x2   ft.,   3x3   ft., 

and  4x4   ft. 

This  table,  which  has  been  compiled  mainly  from  the  data 
published  by  the  U.  S.  Geological  Survey,  shows  very  clearly  the 


enormous  and  growing  importance  of  cement  to  the  people  of 
the  United  States,  and  that  American  Portland  cement  has  far 
outdistanced  all  its  competitors. 

Iowa  is  consuming  fully  its  share  of  cement,  which  is  now 
employed  for  a  multitude  of  purposes  for  which  a  few  years  ago 
its  use  would  not  even  have  been  considered.  It  is  displacing 
lime  for  mortar  in  all  structures  exposed  to  dampness,  or  where 
much  strength  is  needed.  Concrete  is  being  used  for  foundations 
almost  to  the  exclusion  of  other  materials.  Our  railroads  are 
building  their  bridges  of  concrete  and  our  road  officers  are  buy- 
ing cement  by  the  carload  to  build  reinforced  concrete  culverts 
and  bridges.  Concrete  is  also  used  for  the  larger  sewers,  and 
cement  sewer  and  drain  pipe  are  contesting  the  market  with  clay 
products.  /Last,  but  not  least,  the  recent  astonishingly  rapid  de- 
velopment of  the  concrete  block  industry  has  brought  about  an 
entirely  new  and  very  extensive  use  of  cement. 

Owing  to  the  recent  rapid  development  of  the  manufacture 
of  cement  in  this  country,  there  are  so  many  brands  and  of  such 
varying  qualities  upon  the  market  that  the  layman  finds  it  im- 
possible to  decide  which  are  the  best.  Hence  the  Engineering 
Experiment  Station  of  the  Iowa  State  College  has  been  receiving 
a  great  many  requests  for  information  about  cement,  and  the  pub- 
lication of  a  bulletin  has  been  demanded.  We  have  therefore  de- 
cided to  publish  the  results  of  some  special  investigations  we  have 
made,  and  to  summarize  for  the  benefit  of  the  public  some  of  the 
results  of  the  many  tests  we  have  been  making  for  the  cities,  cor- 
porations, county  officers  and  private  citizens  of  Iowa. 

THE  ENGINEERING  EXPERIMENT  STATION 
MAKES  SUCH  TESTS  FOR  THE  BARE  COST  OE  THE 
WORK  IN  THE  CASE  OF  RESIDENTS  OF  IOWA.  Tests 
furnish  the  only  means  by  which  the  cement  consumer  can  tell  in 
advance  whether  any  particular  cement  is  of  good  quality.  The 
cost  of  such  tests  is  very  low,  and  for  one  brand  usually  amounts 
to  from  $2  to  $5,  depending  on  the  completeness  with  which  it 
is  desired  the  tests  shall  be  made. 

CEMENT. 

It  is  perhaps  impossible  to  give  an  exact  scientific  definition 
of  cement  which  shall  be  at  the  same  time  simple.  In  fact  some 
of  the  chemical  changes  which  take  place  in  the  processes  of  the 


setting  and  hardening  of  cement  mortars  are  not  even  yet  thor- 
oughly understood. 

We  may  say,  however,  substantially  with  Professor  I.  O. 
Baker,  that  cement  is  a  substance  which  will  not  slake  on  the  ad- 
dition of  water  (as  lime  does),  but  which  when  finely  ground  and 
mixed  with  water  into  mortar  will  set  and  harden  in  either  air  or 
water  by  the  chemical  action  between  the  cement  and  the  water 
used  in  making  the  mortar.  (Lime  mortar  hardens  simply  by 
the  drying  out  of  the  water  and  the  absorption  of  carbon  dioxide 
gas  from  the  air.  Hence  lime  mortar  will  not  harden  under  water 
or  in  damp  places.) 

There  are  three  kinds  of  cement  manufactured  and  used  in 
this  country,  viz.,  Portland  Cement,  Natural  Cement,  and  Slag 

Cement. 

\ 

PORTLAND  CEMENT. 

Portland  cement  is  that  kind  which  is  manufactured  by,  first, 
carefully  forming  an  artificial  mixture  of  materials  to  give  exact- 
ly the  right  proportions  of  limestone  and  clay  (which  are  the  es- 
sential active  ingredients),  second,  by  thoroughly  burning  this 
artificial  mxture  at  a  very  high  temiperature,  and  third,  by  grind- 
ing the  fused  ''clinker"  formed  by  the  burning  to  a  very  fine  pow- 
der or  dust. 

The  quality  of  the  cement  will  depend  upon  the  excellence  of 
the  mixture  of  materials  and  its  freedom  from  any  injurious  im- 
purities, upon  the  thoroughness  of  the  burning,  upon  the  fineness 
of  the  grinding,  and  upon  whether  the  cement  has  been  injured 
since  manufacture.  If  kept  in  a  damp  place,  or  even  where  it  can 
absorb  only  a  little  moisture  from  the  air,  the  cement  will  partially 
set,  as  shown  by  its  becoming  hard  and  lumpy,  and  will  there- 
by lose  strength. 

If  the  cement  contains  too  much  lime  the  excess  will  appear 
after  manufacture  as  "free  lime",  which  may  be  subject  to  slak- 
ing and  swelling  in  volume  like  ordinary  lime  as  it  absorbs  mois- 
ture, thus  tending  to  disintegrate  the  mortar,  and  hence  ""free 
lime"  injures  cement.  If  very  finely  ground  this  injury  is  less 
after  the  cement  is  stored  long  enough  to  insure  air  slaking  of 
the  lime  before  the  cement  is  used.  Of  course,  however,  too  long 
storage  is  usually  detrimental,  as  stated  above. 

If  too  much  clay  is  used  in  the  cement  the  product  will  be 
weak  and  not  durable. 
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"Free  magnesia"  and  sulphuric  acid  are  injurious  impurities. 

In  manufacture  the  cement  can  be  manipulated  in  various 
ways  to  make  it  sell  better.  For  example,  an  excess  of  lime  in 
the  cement  increases  the  early  strength  though  working  ultimate 


Fig     3      REINFORCED    CONCRETE    HIGHWAY    CULVERT    UNDER    CON- 
STRUCTION. 

On  completion  the  wooden  fcrms  are  removed  after  the  concrete  has  set,  leaving  a 
permanent  masonry  culvert.  The  walls,  the  bottom,  and  the  top  are  reinforced 
with  steel  rods. 


injury.  Again,  there  is  a  common  preference  for  slow  setting  ce- 
ment and  the  rate  of  setting  can  be  retarded  by  the  manufacturer 
by  adding  small  amounts  of  Plaster  of  Paris  or  gypsum.  One  of 
the  ingredients  of  this  retarder,  unfortunately,  is  sulphuric  acid, 
though  in  small  amounts  no  injury  results. 

Portland  cement  is  by  far  the  best  of  the  three  kinds  of  ce- 
ment. According  to  a  well  known  authority  a  Portland  cement 
mortar  composed  of  only  one  part  of  cement  to  three  of  sand  has 
about  the  same  strength  as  a  natural  cement  mortar  mixed  neat, 
without  any  sand.  The  table  at  the  beginning  of  this  bulletin 
shows  how  greatly  the  use  of  Portland  cement  has  increased  dur- 
ing recent  years,  while  on  the  contrary  the  use  of  natural  cement 
has  dimished. 

Portland  cement  mortar  is  very  frequently  mixed  in  the  pro- 
portions of  one  part  of  cement  (sometimes  measured  loose  and 
sometimes  packed  as  it  comes  in  sacks  or  barrels)  to  three  parts 
of  sand  (usually  measured  loose).  For  special  purposes,  such  as 
the  top  coating:  of  cement  walks,  a  richer  mortar  is  used,  but  if 
richer  than  i-ij  it  is  apt  to  show  fine  cracks  on  the  surface. 

In  concrete  5  parts  of  broken  stone  or  screened  pebbles  may 
be  added  to  the  i — 3  mortar,  making  their  proportions  i — 3 — 5. 
None  of  the  broken  stone  or  pebbles  in  concrete  can  be  replaced 
by  sand  without  injuring  it.  Hence  when  gravel  is  used  the  pro- 
portion of  sand  should  be  ascertained  by  screening,  and  no  mo'-e 
gravel  used  than  will  give  3  parts  of  sand  to  i  of  cement.  Thus, 
V.  each  10  parts  of  gravel  contain  7  parts  of  sand,  the  proper  pro- 
portions for  a  good  concrete  would  be  i  part  of  cement  to  4  of 
gravel,  (since  70%  of  4=2.8  parts  of  sand).  In  the  manufacture  of 
concrete  blocks  and  in  other  examples  of  gravel  concrete,  much 
poor  work  has  been  done  by  using1  too  weak  a  mixture  on  account 
of  r.ot  understanding  the  above  principle. 

Portland  cement  weighs  about  400  Ibs.  gross  or  380  Ibs.  net 
per  barrel  of  four  sacks.  The  cubical  contents  of  i  barrel  are  3.1 
to  375  cu-  ft.,  averaging  about  3.5  cu.  .ft.  A  barrel  of  packed 
cement  usually  makes  about  i.i  to  1.4  barrels  measured  loose, 
averaging  about  1.25  barrels. 

Below  is  a  list  (not  claimed  to  be  absolutely  complete)  of 
some  of  the  brands  of  Portland  cement  used  in  Iowa,  with  the 
addresses  of  the  manufacturers:* 

*The  addresses  of  sales  agents  can  be  obtained  by  writing  to  the  manufacturers. 
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A  A  Chicago  Brand  Portland  Cement — 

Chicago  Portland  Cement  Co.,    211    Stock    Exchange 

Bids.,  Chicago,  111. 
Alpha  Brand  Portland  Cement — 

Alpha  Portland  Cement  Co.,  740  Marquette  Building, 

Chicago,  111. 
Alsen  Brand  American  Portland  Cement — 

Alsen' s  American  Portland  Cement  Works,  Alsen,  N.  Y. 
Atlas  Brand  Portland  Cement — 

Atlas  Portland  Cement  Co.,  30  Broad  St.,  New  York 

City. 
Bronson  Brand  Portland  Cement — 

The  Bronson  Portland  Cement  Co.,  Bronson,  Michigan. 

Buckeye  Brand  Portland  Cement — 

Buckeye  Portland  Cement  Co.,  Bellefontaine,  Ohio. 

Dragon  Brand  Portland  Cement — 

The  Lawrence  Cement  Co.,  Siegfried,  Pa. 

Giant  Brand  Portland  Cement — 

American  Cement  Co.,  22  S.  i.Sth  St.,  Philadelphia,  Pa. 

lola  Brand  Portland  Cement — 

lola  Portland  Cement  Co.,  lola,  Kan. 

Lehigh  Brand  Portland  Cement — 

Lehigh  Portland  Cement  Co.,  Allentown,  Pa. 

Marquette  Brand  Portland  Cement— 

Marquette  Cement  Mfg.  Co.,  LaSalle,  111. 

Owl  Brand  Portland  Cement — 

German- American  Portland  Cement  Works,  1511  Mar- 
quette Bldg.,  Chicago,  111.,  and  LaSalle,  111. 

Peerless  Brand  Portland  Cement — 

Peerless  Portland  Cement  Co1.,  Union  City,  Mich. 

Red  Ring  Brand  Portland  Cement — 

St.  Louis  Portland  Cement  Co.,  St.  Louis,  Mo. 

Saylor's  Brand  Portland  Cement — 

Coplay  Cement  Mfg.  Co.,  1123  Broadway,  New  York 
City. 

Sunflower  Brand  Portland  Cement — 

Kansas  Portland  Cement  Co.,  lola,  Kan. 

Universal  Brand  Portland  Cement- 
Cement   Department  Illinois  Steel  Co.,  The  Rookery, 
Chicago. 


II 


Fig.    4.    COMPLETED    REINFC'RCED    CONCRETE  HIGHW1AY   CULVERT. 

Vulcanite  Brand  Portland  Cement — 

Vulcanite  Portland    Cement    Co.,    Land    Title    Bldg., 

Philadelphia. 
Yankton  Brand  Portland  Cement — 

Western  Portland  Cement  Co.,  Yankton,  S.  Dak. 

NATURIAL  CEMENT. 

Natural  cement  is  that  kind  which  is  manufactured  by  burn- 
ing- and  then  grinding  natural  limestone  rocks  containing  13%  to 
35 %  of  clayey  material.  In  the  limestone,  magnesium  car- 
bonate may  take  the  place  of  part  of  the  carbonate  of  lime,  but 
the  clay  is  essential  to  the  production  of  cement. 

According  to  Eckel*,  natural  cements  differ  from'  Portland 
cements  in  the  following-  important  particulars: 

"(i)  Natural  cements  are  not  made  by  burning  carefully 
prepared  and  finely  ground  artificially  mixtures,  but  by  burning 
masses  of  natural  rock. 

1(2)  Natural  cements,  after  burning  and  grinding,  are  usually 
yellow  to  brown  in  -color  and  light  in  weight,  their  specific  gravity 
being  about  2.7  to  3.10,  while  Portland  cement  is  commonly  blue 
to  gray  in  color  and  heavier,  its  specific  gravity  ranging  from  3.0 
to  3.2. 

*(Pgs.   195  and  196  of  Cements,   Limes  and  Plasters). 
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(3)  Natural  cements  are  always  burned  at  a  lower  tempera- 
ture than  Portland,  and  commonly  at  a  much  lower  temperature, 
the  mass  of  rock  in  the  kiln  rarely  being-  heated  enough  to  even 
approach  the  fusing  or  clinkering-point. 

(4)  In  use  natural  cements  set  more  rapidly  than  Portland 
cement,  but  do  not  attain  such  a  high  ultimate  strength. 

(5)  In  composition,  while  Portland  cement  is  a  definite  pro- 
duct whose  percentages  of  lime,  silica,  alumina,  and  iron  oxide? 
vary  only  beteen  narrow  limits,  various  brands  of  natural  cements 
will  show  very  great  differences  in  composition;  while  even  the 
same  brand,  analyzed  at  different  times,  will  show  considerable 
differences  in  composition,  due  to  variation  in  the  natural  lime- 
stones used." 

About  the  same  remarks  as  to  the  effect  of  differences  in 
burning  and  grinding  and  of  impurities  on  the  quality  of  the  ce- 
ment can  be  made  as  already  noted  in  the  case  of  Portland  ce- 
ments. 

As  already  stated  the  strength  of  natural  cement  mortar  is 
only  a  fraction  of  that  of  Portland  cement  mortar  of  the  same 
proportions. 

Natural  cement  mortar  is  very  frequently  mixed  in  the  pro- 
portions of  i  part  of  cement  to  2  of  sand,  which  does  not  give  a 
mortar  nearly. equal  in  strength  to  a  i — 3  Portland  cement  mortar. 


Fig.    5.     REINCG'RCED    CONCRETE    ARCH    HIGHWAY    CULVERT 
NEAR  JEFFERSON,   ICWA. 
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Niatural  cement  concrete  (which  is  still  much  used  for  pave- 
ment foundations)  is  very  frequently  mixed  in  the  proportions  of 
i  part  of  cement  to  2  parts  of  same  to  3^  or  4  parts  of  pebbles  or 
broken  stone.  A  i — 2 — 3^  natural  cement  concrete,  however,  is 
not  nearly  equal  to  a  i — 3 — 5  Portland  concrete.  As  already 
stated,  none  of  the  pebbles  or  broken  stone  can  be  replaced  with 
sand  without  injury  to  the  concrete.  Hence  if  gravel,  consisting 
of  both  sand  and  pebbles,  is  used,  the  percent  of  sand  it  contains 
should  be  ascertained  by  screening,  and  only  enough  parts  of  the 
gravel  used  to  give  2  parts  of  sand  to  i  of  cement.  For  example, 
if  the  gravel  contains  50%  of  sand,  the  proportions  for  concrete 
should  be  i  cement  to  4  gravel  (since  50%  of  4  equals  2). 

Natural  cement  as  used  in  Iowa  weighs  about  285  Ibs.  gross 
or  265  Ibs.  net  per  barrel  of  2  sacks.  According  to  Sabin  the 
cubic  capacity  of  the  barrels  ranges  from  3.4  to  3.8  cu.  ft. 

The  natural  cement  used  in  Iowa  is  mostly  manufactured  at 
the  following  places: 

15  plants  in  the  vicinity  of  Louisville,  Ky.,  (most  of  the  plants 
are  actually  in  Indiana.) 

3  plants  in  the  vicinity  of  Utica,  111. 

2  plants  in  the  vicinity  of  Milwaukee,  Wis. 

i  plant  at  Austin,  Minn. 

i  plant  at  Mankato,  Minn. 

The  cement  is  commonly  known  by  the  names  of  the  above 
places  as  Louisville  cement,  Milwaukee  cement,  etc.,  though 
there  are  many  brands,  especially  of  Louisville  cement. 

The  addresses  of  some  of  the  general  sales  agents  are  as 
follows: 

Louisville  cement,  Western  Cement  Co.,  Louisville,  Ky. 

Utica  cement,  Meacham  &  Wright,  Chicago,  111 

Milwaukee  cement,   Consolidated  Cement   Co.,    115   Huron 
St.,  Milwaukee,  Wis. 

Milwaukee  Cement  Co.,  7  Plankinton  Bldg.,  Milwaukee, 
Wis. 

Mankato  cement,  Mankato  Cement  Works,  Mankato,  Minn. 

Austin  cement,  Fowles  &  Pay,  Mankato,  Minn. 

SLAG  CEMENT. 

"Slag  cements"  are  those  made  by  mixing  blast  furnace  slag 
and  slaked  lime,  and  then  grinding  the  mixture  to  a  very  fine 
powder,  without  first  burning  the  mixture  at  a  high  temperature 
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to  a  clinker  as  is  done  in  making  Portland  cement.  Thus  from 
blast  furnace  slag  and  lime  there  may  be  made  either  a  true  Port- 
land cement  or  a  "slag  cement,"  the  latter  being:  cheaper  to  make 
but  inferior  in  quality. 

Little  "slag-  cement"  is  made  in  the  United  States,  as  will  be 
seen  by  consulting  the  statistics  given  on  page  I  of  this  bulletin. 
The  manufacturers  of  "slag  cement"  usually  call  their  product 
Portland  cement,  and  the  endeavor  is  frequently  made  to  sell  it 
as  Portland. 


Fig.    6.     CONCRETE    MIXING   PLANT    DURING    CONSTRUCTIC'N    C'F    REIN- 
FORCED CC'NCRETE  HIGHWAY  ARCH  BRIDGE. 

"Slag  cements"  can  be  distinguished  from  Portland  or  nat- 
ural cements  by  the  following  characteristics: 

First,  their  colors  are  commonly  bluish  white  to  lilac,  thus 
being  lighter  in  color  than  the  blue  to  gray  of  Portland,  while 
differing  entirely  in  tint  from  the  yellow  to  brown  of  natural  ce- 
ment. Second,  if  "slag  cement"  be  made  into  a  paste  with  water 
and  a  pat  or  briquette  moulded  from  the  paste  and  kept  in  water 
several  days  it  will  usually  show  upon  fracture  a  decided  greenish 
tint  owing  to  the  presence  in  the  cement  of  calcium  sulphide. 
Third,  "s1ag  cement"  is  much  lighter  than  Portland  cement,  its 


specific  gravity  being  2.7  to  2.9  as  compared  with  3.15  for  an 
average  good  Portland  cement.  Fourth,  on  chemical  analysis 
"slag  cements"  show  lower  lime  and  higher  alumina  than  Port- 
land, and  usually  contain  an  appreciable  amount  of  calcium  sul- 
phide. 

"Slag  cements"  are  inferior^  to  high  grade  Portlands  in 
strength,  and  are  usually  not  considered  suitable  for  masonry 
where  the  mortar  is  left  exposed  in  the  structure  to  the  air. 

CEMENT  IN  IOWA. 

(In  Iowa  there  is  as  yet  no  cement  factory,  not  because  lime- 
stone and  clay  are  not  abundant,  but  because  as  yet  deposits  of 
good  materials  have  not  been  found  so  situated  that  they  can 
profitably  be  worked.* 

The  ideal  materials  are  limestones  free  from  injurious  inpur- 
ities  and  naturally  containing  clay  in  nearly  the  right  ideal  pro- 


Fig.  7.    REINFORCED  CONCRETE  ARCH  BRIDG'E  AT  KAMKAKEE,  ILLINOIS. 
In  Iowa  similar  bridges  have  been  built  at  Waterloo  and  Des  Moines,  and  one  is 

under  construction  at  Cedar  Rapids. 

*Since  writing  the  above  A  company  has  been  organized  to  manufacture  Port- 
land cement  at  Mason  City,  Iowa. 


i6 

portions  for  cement,  with  other  less  rich  limestones  and  with 
clays  also  free  from  injurious  impurities  at  hand  for  adding  to 
give  the  exact  ideal  mixture.  In  addition,  the  materials  should 
be  easily  worked,  cheap  coal  or  natural  eas  should  be  available 
for  fuel,  the  railroad  facilities  should  be  ample,  and  a  large  market 
should  be  near  at  hand. 

It  is  to  be  hoped  that  if  not  the  ideal  at  least  satisfactory 
materials  and  conditions  can  be  found  in  Iowa,  that  we  may  keep 
at  home  part  at  least  of  the  tribute  we  are  now  paying  to  other 
states. 

Our  state  is  to  be  congratulated  because  our  State  Geolog- 
ical Survey,  which  has  already  conducted  other  investigations  of 
the  utmost  benefit  to  the  mineral  industries  of  Iowa,  has  recently 
undertaken  an  exhaustive  investigation  of  the  lime  and  cement 
materials  of  the  state.  Not  only  are  the  geological  conditions 
being  studied  but  chemical  analyses  and  actual  physical  tests  of 
the  possible  cement  materials  are  being  made.  All  this  \vork  is 
under  the  immediate  charge  of  Professor  S.  W.  Beyer,  whose  pre- 
vious work  in  connection  with  the  mineral  industries  of  Iowa  is 
guarantee  of  the  thoroughness  and  reliability  of  the  investigation. 

USES  OF  CEMENT. 

The  uses  of  cement  have  become  almost  innumerable,  and 
new  uses  are  being  found  all  the  time.  Only  brief  mention  will 
be  made  here  of  some  of  these  uses. 

First,  in  ordinary  mortar,  for  almost  any  kind  of  masonry,  ce- 
ment is  to  a  large  extent  displacing  lime.  Wherever  the  masonry 
is  subjected  to  dampness,  as  in  the  case  of  all  foundations,  cellar 
walls,  bridge  piers  and  abutments,  culverts,  etc.,  cement  should 
be  considered  necessary,  since  lime  mortar  will  not  properly  hard- 
en except  in  dry  places.  Even  in  dry  places  the  cement  mortar 
will  be  much  stronger  and  more  durable.  Where  a  pure  cement 
mortar  would  be  too  expensive  lime  mortar  can  be  greatly  im- 
proved without  great  expense  by  mixing  in  cement  in  the  pro- 
portion of  J  to  ^  the  volumie  of  the  lime  paste.  Fig.  i  shows 
a  building  in  which  the  foundation  walls  were  laid  in  Portland 
cement  mortar,  while  in  the  brick  walls  above  the  ground  cement 
was  mixed  with  lime. 

Second,  in  the  form  of  concrete  cement  is  used  for  an  infinite 
variety  of  constructive  purposes.  Concrete  is  especially  suited 
to  foundation  work  since  it  exactly  fits  all  inequalities  of  the 
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foundations,  and  since  it  constitutes  a  monolithic  mass  which 
must  settle  all  together  if  at  all.  Some  entire  'buildings  have  been 
constructed  of  concrete,  which  can  readily  be  moulded  into  any 
desired  forms,  while  still  remaining1  one  solid  mass.  In  Figs.  2 
to  5  inclusive  are  given  views  illustrating  a  comparatively  new 
use  for  concrete  in  the  construction  of  permanent  masonry  high- 
way culverts.  In  Iowa  this  use  is  becoming  very  important. 
Figs.  6  and  7  illustrate  the  use  of  concrete  for  larger  and  more 
important  bridges.  Several  of  these  beautiful  and  permanent 
structures  have  already  been  built  in  our  state.  Fig.  12  shows 
the  use  of  concrete  in  a  railway  pier.  Railway  engineers  were 
among  the  first  to  take  up  the  use  of  this  material  and  many 
kinds  of  railway  structures  are  built  of  it.  Figs.  10  and  n  show 
the  use  of  concrete  in  sewage  tanks,  The  same  material  is  very 
frequently  employed  in  large  sewers  and  in  water  reservoirs  and 
dams.  Pavement  foundations  are  now  generally  made  of  con- 
crete. Silos,  dipping  tanks,  water  tanks,  feed  and  stable  floors, 
and  cisterns  are  instances  in  which  concrete  is  coming  to  be  used 
on  the  farm. 

Third  a  recent  large  field  has  been  opened  for  cement  by 
the  development  of  the  concrete  block  industry.  Fig.  13  shows  an 
important  building  constructed  entirely  of  such  blocks.  Owing 
to  the  recent  development  of  the  industry  many  mistakes  have 
been  made  in  concrete  block  manufacture,  especially  by  using 
too  little  cement  or  poor  cement.  The  proportions  should  usually 
not  be  weaker  than  i  to  4,  the  sand  and  gravel  should  be  clean 
and  the  sand  coarse,  the  mixing  and  tamping  should  be  thorough, 
the  blocks  should  be  made  impervious  by  facing  with  rich  mortar 
and  sometimes  by  applying  an  impervious  wash,  and  the  curing 
of  the  blocks  should  be  very  carefully  and  thoroughly  carried  out. 
Tests  of  the  strength  of  commercial  blocks  in  our  laboratory 
show  that  the  quality  of  the  blocks  made  in  Iowa  is  constantly 
improving. 

Cement  fence  posts  and  cement  sewer  and  drain  pipe  con- 
stitute other  very  recently  developed  uses  of  cement,  which  may 
very  possibly  have  a  great  development  in  the  near  future. 

TESTS  OF  CEMENT. 

A  late  edition  of  the  ''Directorv  of  American  Cement  Indus- 
tries," speaking  of  the  recognized  classes  of  cement,  says:  "The- 
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oretically  it  should  be  possible  to  assign  every  brand  to  one  of 
these  classes.  ''Practically  this  is  a  difficult  matter,  for  cements' 
with  various  adulterations  of  natural  cement,  sand,  limestone  or 
cement  rock  are  put  on  the  market  as  Portland  cements,  careful 
concealment  being'  made  of  the  nature  and  amount  of  the  adulter- 
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ation."  The  same  Directory  further  says  ''The  necessity  of  work- 
ing off  cement  not  of  the  usual  quality  sometimes  leads  a  factory 
or  sales  agent  to  put  a  lot  of  such  cement  on  the  market  under 
a  new  brand."  When  the  above  and  other  "tricks  of  the  trade" 
are  added  to  the  very  great  variation  which  must  legitimately;  be 
found  in  carefully  and  honestly  manufactured  cements  made  from 
different  materials  and  by  different  processes,  the  absolute  neces- 
sity for  reliable  methods  of  testing  cements  becomes  very  ap- 
parent. 

This  matter  is  now  directly  important  to  cement  users  in 
Iowa  owing  to  the  fact  that,  as  already  stated,  the  Cement  Labora- 
tory of  the  Engineering  Experiment  Station  of  the  Iowa  State 
College  makes  cement  tests  for  citizens  of  the  state  at  bare  cost, 
which  is  very  low.  Many  such  tests  for  the  cities,  corporations, 
and  citizens  of  Iowa  have  already  been  made,  and  the  work"  is 
rapidly  increasing. 

In  order  that  those  who  have  tests  made  in  our  laboratory 
may  be  able  to  get  the  full  benefit  of  the  results  of  the  tests  they 
should  understand  something  of  the  tests  themselves,  both  as'  to 
the  ways  in  which  they  are  made,  and  the  conclusions  to  be  drawn 
from  the  actual  results  of  particular  tests.  For  this  reason  a  brief 
popular  discussion  of  the  principal  tests  will  be  given,  without 
going  deeply  into  technical  details. 

Tensile  Strength  Tests.  The  principal  test  of  cement  is  that  of 
tensile  strength.  It  has  been  found  that  the  compressive  strength 
of  cement  mortars  is  proportional  to  the  tensile  strength,  and,  as 
it  is  easier,  the  tensile  test  is  the  only  strength  test  commonly 
made.  In  conducting  this  test  the  cement  is  thoroughly  mixed 
with  water  (and  sometimes  with  sand)  into  a  mortar,  which  is 
then  moulded  into  "briquettes"  by  packing  it  into  brass  briquette 
molds.  Some  of  the  empty  molds  may  be  seen  on  the  table  at  the 
left  of  Fig.  8  and  at  the  right  of  Fig.  9,  while  some  of  the  filled 
molds  appear  in  the  center  of  Fig  9,  and  in  the  same  view  a 
"briquette"  is  shown  in  the  clips  of  the  testing  machine  free  of 
the  molds  and  ready  to  be  tested  by  being  Dulled  in  two. 

After  .the  briquettes  are  made  they  are  allowed  to  set  ,and 
harden  in  moist  air  for  24  hours  and  are  then  placed  under  water. 
In  the  regular  testing  of  Portland  cement  half  the  briquettes  are 
broken  7  days  and  half  28  days  after  they  are  first  made,  giving  I 
day  in  air  and  6  or  27  days  in  water.  The  cement  should  show 
not  only  a  satisfactory  early  strength  but  also  a  considerable 
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increase  of  strength  between  the  7  and  28  day  tests.     In  the  case 
of  natural  cement  24-hour  tests  are  sometimes  made. 

In  making-  tensile  tests  the  utmost  care  should  be  taken,  as 
the  results  will  be  affected  not  only  by  the  quality  of  the  cement 


Fig.  9.  CEMENT  TESTING  APPARATUS,  CEMENT  LABO'RATO'RY  I'OWA 
STATE  COLLEGE,  AMES,  IG'WA. 

The  cement  testing  machine  appears  in  the  center  of  the  view,  with  a  cement 
briquette  in  position  to  be  tested.  Just  below  are  cement  briquettes  in  the 
moulds,  and  to  the  right  are  empty  molds,  with  fineness  sieves  behind  and 
needles  for  testing  the  set  in  front. 
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but  also  by  the  manner  of  making  the  tests.  For  example,  the 
result  will  be  affected  by  the  per  cent  of  water  used,  by  the  thor- 
oughness of  mixing-,  by  the  manner  of  packing:  into  the  molds,  by 
the  moistness  of  the  air  in  which  the  briquette  is  kept  the  first  24 
hours,  by  the  temperature  of  the  water  of  mixing  and  of  the  room 
in  which  the  briquette  is  kept,  by  the  character  of  the  clips  of  the 
testing  machine,  and  by  the  rate  of  applying:  the  stress  in  break- 
ing the  briquette.  Only  an  expert  can  do  the  work  properly. 

Neat  Versus  Sand  Tests.  Sometimes  cement  is  tested  "neat/* 
i.  e.,  without  any  sand,  and  sometimes  when  mixed  with  sand. 
In  sand  tests  a  mixture  of  i  part  of  cement  to  3  of  sand  is  tested 
in  the  case  of  Portland  cement,  and  i — 3,  i — 2  or  i — i  mixtures 
in  the  case  of  natural  cement.  The  proportions  are  always  deter- 
mined by  weights  in  the  laboratory,  but  are  nearly  the  same  as 
those  determined  by  measurement  in  the  field  in  actual  masonry 
work. 

Neat  tests  do  not  give  an  absolutely  reliable  indication  of  the 
value  of  cement  for  actual  use,  of  course,  but  in  sand  tests  the 
result  will  be  affected  by  the  quality  of  the  sand  as  well  as  by  the 
quality  of  the  cement.  On  this  account  sand  tests  should  be 
made  not  only  with  natural  sand  but  also  with  "standard  sand." 
Two  kinds  of  "standard  sand"  are  in  use.  Most  frequently  here- 
tofore crushed  quartz,  such  as  is  used  in  making  sand  paper,  has 
been  used  in  cement  tests,  the  size  of  grain  being  such  as  will  pass 
a  No.  20  sieve  (having  20  meshes  per  linear  inch  or  400  per  square 
inch)  and  not  pass  a  No.  30  sieve.  Crushed  quartz  tests  are  re- 
quired in  the  U.  S.  Army  Engineers  Cement  Specifications  which 
are  often  adopted  as  standard.  Recently  the  American  Society 
for  Testing  Materials  has  prepared  cement  specifications,  which 
are  coming  to  be  quite  generally  adopted,  calling  for  "standard 
sand"  from  natural  sand  from  Ottawa,  111.,  prepared  by  the  San- 
dusky  Portland  Cement  Co.,  Sandusky,  Ohio,  in  accordance  with 
the  recommendations  of  the  American  Society  of  Civil  Engineers. 

In  our  laboratory  we  are  prepared  to  use  either  kind  of 
"standard  sand",  or  to  use  natural  sand,  as  desired. 

Tests  of  Soundness.  Next  to  strength  tests,  soundness  tests 
of  cement  are  perhaps  most  essential,  and  in  fact  unsoundness 
makes  cement  absolutely  valueless  regardless  of  its  strength.  Un- 
sound cements  are  those  which,  when,  made  into  mortar  and  al- 
lowed to  set,  will,  after  a  greater  or  less  period  of  time,  swell, 
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warp,  or  crack,  and  so  disintegrate.  Unsoundness  may  be  due  to 
"free"  unslaked  lime,  or  Magnesia,  or  to  other  deleterious  im- 
purities. 

The  cold  test  for  soundness  consists  in  making  on  glass  plates 
two  or  more  circular  pats  of  cement  mortar,  about  3  inches  in 
diameter,  i  inch  thick  at  the  center  and  tapering  to  thin  edges. 
After  they  have  set  one  of  these  pats  is  placed  in  water  and  the 
other  kept  in  air.  Unsoundness  will  be  indicated  in  course  of  time 
by  discoloration,  disintegration,  checking,  warping,  or  loosening 
from  the  glass.  The  only  objection  to  cold  tests  of  soundness  is 
that  the  time  required  to  develop  the  Unsoundness  may  be  so  long- 
that  it  may  have  been  necessarv  to  use  the  cement  before  the  utr- 
soundness  developed. 

Accelerated  Tests  are  those  in  which  the  development  of  the 
unsoundness  is  hastened  by  the  application  of  heat  to  the  cement 
pats  (or  to  balls  instead  of  pats).  Usually  the  pats  or  balls  are 
placed  either  in  boiling  water  or  in.  hot  water  maintained  at  some 
standard  temperature  below  the  boiling  point,  and  kept  there  a 
certain  specified  time.  Consequently  these  tests  are  often  called 
"hot  water"  tests.  In  our  own  laboratory  we  use  (unless  other- 
wise required)  the  methods  specified  by  either  U.  S.  Army  En- 
gineers or  by  the  American  Society  for  Testing:  Materials.  (The 
latter  as  recommended  by  the  A.  S.  C.  E.) 

It  is  generally  admitted  that  accelerated  soundness  tests  are 
quite  sure  to  detect  unsoundness  in  cement,  and  hence  that  any 
cement  which  passes  them  successfully  is  safe  to  use.  It  is  not 
certain,  however,  but  that  accelerated  tests  may  sometimes  reject 
cement  which  may  afterwards  be  found  to  work  all  right  when 
mixed  with  sand  and  actually  used  in  masonry.  This  is  especially 
true  of  natural  cements. 

Fineness  Tests  of  cement  are  usually  ranked  next  in  value  to 
soundness  and  strength  tests.  They  are  made  by  sifting  a  weighed 
portion  of  the  cement  through  a  series  of  standard  sieves  increas- 
ing in  fineness.  A  No.  50  sieve  is  one  having  50  meshes  per  linear 
inch,  or  2500  per  square  inch.  Similarly  a  No.  TOO  sieve  has 
10,000  meshes  per  square  inch.  The  sieves  most  commonly  used 
are  Nos.  50,  74,  100  and  200. 

The  fineness  of  grinding  of  cement  is  of  especial  importance 
in  enabling  it  to  take  a  large  proportion  of  sand  in  mortar.  Of 
two  cements  of  equal  strength  as  shown  by  neat  tests,  the  finer 
ground  cement  will  show  the  greater  strength  in  sand  tests  (or 
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tests  of  mortar  as  actually  used  for  masonry).  In  fact  only  the 
very  fine  particles  of  cement  really  have  much  cementing  value. 
The  coarser  particles  act  more  like  sand  than  cement. 

If  both  neat  and  sand  strength  tests  of  the  cement  are  made 
the  necessity  for  fineness  tests  is  lessened. 

Specific  Gravity  Tests.The.  harder  'burned  cement  is  the  better 
it  will  be  and  the  heavier  it  will  weigh  before  ground,  and  hence 
the  higher  will  be  the  "specific  gravity"  of  the  ground  particles. 
By  specific  gravity  is  meant  the  ratio  of  weight  to  the  weight  of 


Fig.    10.     ROOF    O*F    CONCRETE    SEWAGE    TANK    DURING-    CO'NSTRUCTI'3'N, 

AMES,    TOWIA. 
In  such  tanks  sewage  is  partially  purified  by  bacterial  action. 

an  equal  volume  of  water.  Thus,  since  water  weighs  62^  Ibs.  per 
cubic  foot,  a  cubic  foot  of  Portland  cement  of  3.15  specific 
gravity  would,  if  fused  into  a  perfectly  solid  mass,  weigh  3.15x62^ 
Ibs.— 197  Ibs.  per  cu.  ft. 

On  account  of  its  value  in  distinguishing-  between  slag  ce- 
ment, Portland  cement  and  natural  cement,  and  in  detecting  adul- 
teration, as  well  as  because  it  helps  indicate  the  quality  of  cement, 
our  laboratory,  as  well  as  other  cement  laboratories,  sometimes 
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determines  the  specific  gravity.  The  methods  of  making  the  de- 
termination are  too  technical  for  popular  description. 

Time  of  Setting.  In  actual  use  in  masonry  the  time  required 
for  cement  to  set  is  of  importance.  In  the  Gillmore  test  of  the 
rate  of  setting  two  needles  are  used,  which  may  be  seen  in  Fig.  9. 
One  of  these  needles  weighs  J  Ib.  and  is  1-12  inch  in  diameter, 
and  the  cement  is  said  to  have  begun  to  set  when  a  pat  will  just 
bear  this  needle.  The  other  needle  weighs  i  Ib.  and  is  1-24  inrti 
in  diameter.  The  cement  is  said  to  have  finished  setting  when  a 
pat  will  just  bear  this  heavy  needle. 

In  the  American  Society  for  Testing  Materials  Specifications 
(adopting  the  methods  of  testing  recommended  'by  the  American 
Society  of  Civil  Engineers)  the  time  of  setting  is  tested  by  the 
"Vicat  Needle,"  0.039  inch  in  diameter,  weighing  10.58  oz.  The 
setting  is  said  to  have  commenced  when  the  needle  penetrates 
only  0.20  inches  into  the  mortar  and  to  be  completed  when  the 
needle  will  not  penetrate  at  all. 

After  the  set,  as  determined  above,  the  cement  goes  on  slowly 
hardening  and  increasing  in  strength  for  months  and  even  years. 

Chemical  Analyses.  Chemical  analyses  of  cement,  though 
they  may  sometimes  detect  injurious  impurities,  are  too  expensive 
and  of  too  little  value  after  made  to  be  commonly  advisable  in 
cement  testing.  We  ordinarily  make  them  only  in  our  special 
scientific  investigations. 

SPECIFICATIONS  FOR  CEMENT. 

To  be  able  to  draw  the  proper  conclusions  from  the  results 
of  tests  the  cement  user  should  know  what  requirements  it  is  fair 
that  cement  should  have  to  meet,  and  on  that  account  we  will 
present  here  a  short  discussion  of  cement  specifications,  together 
with  full  details  of  two  recent  specifications  which  have  been  wide- 
ly adopted  as  standard. 

During  the  last  15  years  there  has  been  a  marked  advance  in 
the  strictness  of  the  requirements  of  cement  specifications,  due 
to  the  improvements  in  the  quality  of  cement  resulting  from  im- 
provements in  the  methods  of  manufacture.  There  has  also  been 
an  improvement  in  the  methods  of  testing,  so  that  results  of  tests 
made  several  years  ago  are  not  strictly  comparable  with  those  of 
recent  tests.  Both  of  these  advances  should  be  borne  in  mind  in 
examining  the  summary  which  we  give  below  of  early  tests  made 
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in  our  laboratory.     Only  the  later  tests  should  be  closely  com- 
pared with  recent  specifications. 

The  two  specifications  which  we  shall  present  are,  first,  those 
of  the  U.  S..  Army  Engineers,  as  presented  in  No.  28  of  the  Pro- 
fessional Papers  of  the.  Corps  of  Engineers,  IQOI,  and,  second, 
the  specifications  of  the  American  Society  for  Testing  Materials, 
1904.* 


Fig.    11. 


INTERIO'R   C'F   CONCRETE    SEWAGE    TANK,    AMES,    IOWA.. 
Capacity  of  tank  56,000  gallons. 


During  the  last  few  years  the  Army  Specifications  have  been 
very  frequently  used  as  a  standard,  but  now  they  are  'being  re- 
placed quite  generally  by  those  of  the  American  Society  for  Test- 
ing Materials,  which  with  minor  modifications  seem  now  quite 
apt  to  be  generally  accepted  as  standard. 

At  the  present  time  we  believe  it  would  be  well  for  every 
purchaser  of  any  considerable  amount  of  cement  in  Iowa  to  in- 

*We  have  on  hand  through  the  kindness  of  the  Cement  Department  of  the  Illinois  Steel 
Company  a  limited  number  of  reprints  of  the  Standard  Specifications  for  Cement  of  the 
American  Society  for  Testing  Materials,  which  we  will  supply  to  applicants  on  receipt  of  2c 
postage. 
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elude  in  his  order  or  contract  the  following:  clause,  or  one 
similar: 

"The  cement  shall  be  undamaged  and  free  from  lumps  on  de- 
livery and  shall  conform  fully  as  to  qtiality  to  the  requirements  of  the 
specifications  of  the  American  Society  for  Testing  Materials,  1904, 
for *  Portland — cement.  The  -purchaser  shall  have  the  right  to  have 

'  natural  f  ° 

the  cement  tested  on  delivery  to  determine  -whether  it  complies  ivith 
the  above  requirements,  and  the  results  of  such  tests  made  by  the 
Engineering  Experiment  Station  of  the  Iowa  State  College  shall  be 
accepted  by  both  purchaser  and  seller  as  conclusive.'1'1 

The  detailed  requirements  of  the  two  sets  of  standard  cement 
specifications  referred  to  above  are  given  below: 

TABLE  No.  2. 
SPECIFICATION  REQUIREMENTS  FOR  PORTLAND  CEMENT. 


Kind     of  Test 

American   Society   for 
Testing  Materials 

U.  S.  Army  Engineers 

Max.  Ibs. 

Slow                          Quick 

Min.                   per  sq.  in. 

Setting                       Setting 

TENSILE   STRENGTH 

Neat    1  day  old 

150                            200 

Neat    7  days  old 

450                             550 

450   Ibs.    per                 400 

Neat  28  days  old 

550                             650 

540  sq.    in.                      480 

1  cement  to  3  sand,  7  days  old 

150                             200 

140                                     120 

28  days  old 

200                             300 

220                                     180 

SOUNDNESS  PATS 

Cold  Test  and   Steaming 

Cold   Test   and    Boiling   6 

3  hours 

hours  after  Set. 

After  Set  24  hours 

FINENESS 

Not  Less  Than 

Not  Less  Than 

Passing  No.   100  sieve 

92% 

92%                               92% 

Passing  No.   200  sieve 

75% 

Slow                           Quick 

Setting                        Setting 

TIME    OT1    SETTING 

Not  Less  Than 

Not    Less 

Initial  Set 

30  min. 

Than  45  m.            20-30  m. 

Hard   Set 

Not    Less    Than    1    hour 

Not  More               45  m.  — 

Not  More  Than  10  hours 

Than  10  hrs.             2%  hrs. 

SPECIFIC   GRAVITY 

Not  Less  Than  3.10 

Between  3.10  and     3.25 

SULPHURIC  ACID   (SOS) 

Not  More  Than  1.75% 

MAGNESIA    (MgO) 

Not  More  Than  4% 

.... 

TABLE  No.  3. 
SPECIFICATION    REQUIREMENTS    FOR    NATURAL    CEMENT. 


Kind     of   Test 


American   Society   for 
Testing  Materials 


U.  S.  Army  Engineers 


Max.  Ibs. 

Min.                   per  sq.  in. 

TENSILE   STRENGTH 

Neat    1  day  old 

50                              100 

Neat    7  days  old 

100                              200 

90 

Ibs.  per  sq.   in. 

Neat  28  days  old 

200                                300 

200 

1  cement  to  1  sand     7  days  old 

60 

28  days  old 

150 

1  cement  to  3  sand     7  days  old 

'25                                *75 

28  days  old 

75                              150 

SOUNDNESS  PATS 

Cold  Test 

FINENESS 

Not  Less  Than 

Passing  No.   100  sieve 

90% 

Not 

Less  Than  80% 

Passing  No.  200  sieve 

70% 

TIME    O-F    SETTING 

Initial  S'et 

Not   Less  Than  10  m. 

Not 

Less  Than  20  m. 

Hard   Set 
SPECIFIC  GRAVITY 

30  m.   to  3  h. 
Not  Less   Than  2.8 

Not 

Mere  Than  4  h. 

'Cross  out  the  one  of  these  two  words  not  desired  to  be  retained. 
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RESULTS  OF  ACTUAL  CEMENT  TESTS  IN  THE  CE- 
MENT LABORATORY  OF  THE  ENKHNEERNG 
EXPERIMENT!  STATION. 

To  enable  any  person  who  has  tests  made  in  our  laboratory 
to  compare  the  results  which  we  report  to  him  with  the  tests  of 
other  cements  we  will  present  below  a  summary  of  some  of  the 
cement  tests  which  we  have  made  in  the  regular  work  of  our 
laboratory. 

Until  1903  our  cement  laboratory  was  in  charge  of  Professor 
Elmina  T.  Wilson,  well  known  as  perhaps  the  only  successful 
practicing  lady  graduate  civil  engineer  in  the  country.  In  the 
Iowa  Engineer  (Ames,  Iowa)  for  December,  1902,  (Vol.  II,  No. 
3)  she  published  a  summary  of  some  of  the  work  of  the  laboratory 
during  1901  and  1902,  which  will  be  presented  first. 

Cement  Laboratory  Tests  1901  and  1902.  At  the  time  these 
tests  were  made  the  U.  S.  Army  Engineers  Specifications  had  not 
come  into  general  use,  and  the  tensile  tests  were  made  in  accord- 
ance with  the  old  recommendations  of  the  American  Society  of 
Civil  Engineers  (which  have  since  been  revised)  except  that  in 
the  sand  tests  natural  sand  from  the  college  pit,  passing  a  No.  20 
and  retained  on  a  No.  50  sieve,  was  used  in  place  of  crushed 
quartz.  The  point  of  material  difference  of  the  U.  S.  Army  En- 
gineers Specifications  is  that  they  require  the  cement  to  be 
pounded  into  the  molds  in  making  the  briquettes,  which  tends 
to  increase  the  strength.  Neither  the  old  nor  the  new  recom- 
mendations of  the  American  Society  of  Civil  Engineers  permit 
this  pounding. 

In  1901  and  1902,  practice  in  cement  laboratories  had  not 
so  thoroughly  settled  on  a  uniform  method  of  making  accelerated 
soundness  tests,  and  hence  we  made  in  most  cases  two  accelerated 
tests  which  we  designated  respectively  the  "pat  test"  and  the 
"ball  test."  The  "pat  test"  was  more  severe  than  the  present 
pat  test  already  described  (see  p£.  22)  in  that  the  pat  was  not  al- 
lowed to  set  before  being  tested.  As  soon  as  made  the  pat  was 
put  into  water  at  60  degrees  F.,  which  was  gradually  brought  to 
a  boil  and  then  kept  boiling  3  hours.  The  "ball  test"  was  more 
like  the  accelerated  tests  in  present  use.  A  ball  of  cement  mortar 
about  2^  inches  in  diameter  was  made  and  allowed  to  set  24 
hours,  after  which  it  was  placed  in  water  at  60  degrees  F.,  and 
boiled  3  hours. 
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RESULTS  OF  CEMENT  LABORATORY  TESTS  1901 

AND  1902. 

TABLE  Xo.  4. 
TENSILE    STRENGTH  'OF    SEVEN    BRANDS    OF   PORTLAND    CEMENT. 


Brand  of  Cement 

Neat 

1  Part  Cement  to  3  Parts 
Natural  Sand,  No.  20-50 

1  day 

7  days 

28  days 

1  day 

7  days 

28  days 

Alpha     

Max.               200 
Min.                120 
Avg.    (15)*    163 
Max. 
Min. 
Avg. 
Max.               535 
Min.                367 
Avg.    (9)       456 
Max.               259 
Min.                215 
Avg.    (6)*      233 
Max.               178 
Min.                123 
Avg.    (6)        148 
Max.               320 
Min.                235 
Avg.    (13)      275 
Max.                48 
Min.                  29 
Avg.    (13)        40 

900 
725 
(18)*    799 
650 
439 
(4)        579 
1050 
725 
(19)      878 
870 
520 
(7)        734 
675 
548 
(8)       585 
900 
530 
(18)      715 
715 
520 
(14)      619| 

980 
690 
(13)*    848 

1070 
800 
(19)      982 
1025 
775 
(7)        894 
910 
588 
(6)        774 
848 
720 
(18)      776 
788 
642 
(13)      732| 

70 
53 
(5)         58 
69 
49 
(4)         59 
55 
29 
(3)         38 
23 
12 
(4)         17 

220 
150 
(21)*    179 
175 
140 
(3)        153 
275 
135 
(18)      204 
308 
218 
(8)        253 
268 
208 
(8)       239 
176 
143 
(12)      155 
288 
182 
(14)      242 

330 
256 
(19)*    390 

317 
186 
(16)     '274 
392 
293 
(6,       336 

330 
(6)        345 
227 
200 
(11)      215 
357 
298 
(13)      340 

Atlas     

Chicago    A  A  

Tola    

Lehigh        

Universal    

Vulcanite     

*The  numbers  placed  in  brackets  indicate  how  many  briquettes  were  used   to 
form  the  average. 

TABLE  No.  5 
TENSILE    STRENGTH    OF    THREE    BRANDS    OF    NATURAL    CEMENT. 


Brand   of  Cement 

Neat 

1  Part  Cement  to 
1  Part  Natural 
Sand,  No.   20-50 

1  dav 

7  days    j  28  days 

7  days 

28  davs 

Austin 

Max. 

Min. 
Avg. 
Max. 
Min. 
Avg. 
Max.                 77 
Min.                  35 
Avg.    (22)*      55 

48 
33 
(8)         39 
151 
103 
(10)      125 
86 
59 
(32)        74 

60 
45 
(8)         50 
218 
177 
(9)        199 
142 
58 
(33)      112 

42 
36 
(8)         38 
78 
25 
(9)          36 
88 
51 
(33)        64 

48 
39 
(8)          42 
102 
71 
(9)         81 
140 
63 
(45)        97 

Louisville 

Milwaukee     

*The  numbers  placed  in  brackets  indicate  how  many  briquettes  were  used  to 
form  the  average. 

TABLE  No.  6. 
ACCELERATED  SOUNDNESS  TESTS  OF  PORTLAND  CEMENTS. 


Brand    of    Cement 


Pat  Test 


Ball    Test 


Alpha 


The  pat  loosened  itself  from 
the  glass  and  scaled  off  a  very 
thin  layer  but  remained  smooth 
and  hard  underneath.  A  second 
pat  made  of  another  sample  of 
Alpha  cement  went  to  pieces 
by  the  time  it  had  boiled  one- 
half  hour. 


The  ball  remained  attached  to 
the  glass  and  was  only  slightly 
roughened  on  the  surface. 


TABLE  No.  6— Continued 


Atlas 

Chicago  AA 
lola 

Lehigh 

Universal 
Vulcanite 


What  remained  of  the  pat 
ifter  boiling  was  easily  crumb- 
led in  the  fingers. 

The  pat  was  loosened  from 
the  glass  and  was  disintegrat- 


The   ball    showed    no   signs    of 
checks    or   cracks. 

The  ball  remained  attached  to 
the  glass  and  was  only  slightly 


>d  for  about  1-4"  deep.  (roughened  on  the  surface. 

The    pat    was    loosened    from     The  ball  remained  attached  U 


he  glass,  was  roughened  on 
;he  surface  but  the  edges  re- 
mained sharp. 

The  pat  was  loosened  from 
;he  glass,  crumbled  a  littfe  on 
:>ne  side  and  the  sharp  edges 


the  glass  and  was  only  slightly 
roughened    on    the    surface. 

The  ball  remained  attached  to 
the  glass  and  was  only  slightly 
roughened  on  the  surface. 


;vere   worn    away.   . 

The  pat  was  reduced  to  grains)    The  ball  was  in  good  condition 
about   1-32"    in    diameter.  (after    the    experiment. 

A  thin  layer  came  off  from 
the  entire  surface,  otherwise 
the  pat  was  intact. 


Fig.    12.     VIEW    GF    CONCRETE    RAILWAY    BRIDOE    PIER. 
Within   recent   years   the   railways   have   extensively   adopted    the   use    of   concrete. 
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TABLE  No.  7. 
FINENESS    TESTS    O'F    SEVEN    PORTLAND    CEMENTS. 


Brand  of  Cement 


Number  of  Sieve 


PerCent.  Passed  Per  Cent.  Psssed  Per  Cent.  Passed 


No.  74  • No.   100 No  200 

Alpha 94.80  90.70  75730 

Atlas 94.86  88.55  70.47 

Chicago   AA 98.89  96.37  77.65 

lola 95.72  91.51  71.03 

Lehigh    94.48  87.04  58.39 

Universal    98.75  96.82  85.15 

Vulcanite. 97.49  94.84 81.45 

TABLE  No.  8. 
FINENESS    TESTS    OF    THREE    NATURAL    CEMENTS. 

Number  of  Sieve 
Brand  of  Cement  Per  Cent.  Passed!  Per  Cent.  Passed  Per  Cent.  Passed 

i  No.  74  |  No.  100 NCK  200 

Austin    84.47  70.50  24.67 

Louisville   ..; 80.29  76.72  67.04 

Milwaukee 83.40          79.30 62.62 

TABLE  No.  9. 

TIME  O'F  SETTING'  OF  PORTLAND   CEMENTS. 
G'ilmore  Wire  Test. 

Brand  of  Cement  s^Sf^      Initial  Set  Final  Set 

Alpha  1  h-  8  m  3  h-20     m 

Universal    -  0  h-45  m  1  h-27%  m 

Vulcanite jjftyl  h-15  m 3  h-20     m 

. 

TABLE  No.  10. 

TIME  O'F   SETTING   OF  NATURAL  CEMENTS. 
G'ilmore  Wire  Test. 

Brand  of  Cement  Initial  Set  Final  Set 

Louisville I  0  h-  8  m  j  0  h-12  m 

Milwaukee 0  h-42  m  3  h-45  m 


Cement  Laboratory  Tests  1905-05.  In  the  tests  next  to  be  pre- 
sented, most  of  which  were  made  in  the  years  1903  and  1904,  the 
methods  of  testing  recommended  by  the  U.  S.  Army  Engineers 
(Professional  Paper  No.  28,  1901,)  were  followed  in  the  main.  The 
exceptions,  as  indicated  in  the  tables,  are  that  many  tensile  tests 
were  made  with  natural  sand,  and  that  a  number  of  ball  tests 
were  made  of  soundness.  The  summary  presented  in  Tables  Nos. 
ii  to  15,  inclusive  was  prepared  by  Mr.  M.  J.  Reinhart,  now  In- 
structor in  Civil  Engineering  at  the  Iowa  State  College,  who 
made  many  of  the  tests.  The  work  was  done  in  the  course  of  the 
regular  work  of  our  cement  laboratory. 
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TABLE  No   11. 
TENSILE   STRENGTH   OF   NINE    BRANDS  OF  PORTLAND    CEMENT 


Brand  of  Cement 

Neat 

1  Part  Cement  to  3  Parts  Sand 

Natural  Sand  • 
No.  20-50 

Crushed  Quartz 
No.  20-30 

1  day             7  days      28  days 

7  days  |  28  davs 

7  davs    |  28  days 

Atlas    

Max.               230 
Min.                195 
Avg.    (5)*      219 

Max. 

Min. 
Avg. 

Max.               415 
Min.                220 
Avg.    (84)      312 

Max. 

Min. 
Avg. 

Max. 
Min. 
Avg. 

Max. 
Min. 
Avg. 

Max. 

Min. 
Avg. 

Max. 
Min. 
Avg. 

Max. 

Min. 
Avg. 

710 
406 
(63)*    566 

930 
580 
(87)      702 

645 
380 
(109)    497 

740 
400 
(91)      525 

628 
510 
(30)      547 

726 
506 
(44)      629 

760 
670 
(6)        707 

640 
420 
(18)      498 

720 
690 
(3)       703 

810| 
4101 
(52)*    700 

9651 
605 
(82)      783 

683| 
447 
(62)      564 

830 
475 
(85)      644 

760 
706 
(27)      733 

861 
600 
(33)      749 

900 
655 
(8)        757 

820 
600 
(18)      685 

8701 
850 
(3)       860 

170| 
90 
(54)*    125 

205 
110 
(93)      155 

180 
50 
(68)        99 

130 
75 
(76)      102 

189 
138 
(30)      156 

178 
134 
(27)      150 

150 
85 
(18)      122 

195 
175 
(3)        185 

240| 
125 
(55)*    193 

325 

180 
(84)      238 

251 
90 
(51)      159 

225 
100 
(82)      166 

295 
269 
(30)      281 

271 

209 
(26)      234 

230 
155 
(18)      201 

260 
240 
(3)        250 

142| 
95 
(51)*    125 

185 
172 
(4)        179 

100 
95 
(4)         96 

250 

225 
(6)        238 

- 
**140-120 

278 
13S 
(42)*    207 

360 
310 
(7)        334 

170 
153 
(7)        159 

370 

315 
(7)        333 

lola         

Lehigh        

Marquette    .... 

Owl              

Peerless 

Sunflower   
Universal    
Vulcanite    .  . 

U.   S.  Army                                            **450-400   **540-480 
Engineers 
Specifications 

**220-180 

*The  numbers  in  brackets  indicate  the  number  of  briquettes  used  to  form  the 
average. 

**First   number    for    Slow    Setting,    second   for    Quick   Setting   cements. 


TABLK  No.  12 
TENSILE    STRENGTH   OF   TWO1  BRANDS    OF   NATURAL    CEMENT. 


Brand  of  Cement 

Neat 

1  Part  Cement  to  2  Parts 
Sand 

7  davs 

28  days 

7  days 

28  days 

Louisville  Natural  
Milwaukee   Natural  

Max. 

Min. 
Avg. 

Max. 
Min. 
Avg. 

191 
37 
(88)*       91 

83 
21 
(161)*      49 

183 
111 
134 

160 
72 
(167)*       114 

43 

37 
(86)*      28 

27 
10 
(84)*     18 

151 
52 
(105)*      93 

-83 
30 
(89)         50 

U.    S.    Army 
Engineers 
Specifications   

1 

90 

200 

*The  numbers  placed  in  the  brackets  indicate  how  many  briquettes  were  used 
to  form  an  average. 
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TABLE    NO.    13. 
ACCELERATED   SOUNDNESS'  TESTS   OF   PC'RTLAND   CEMENT. 


Brand  of 
Cement. 
Atlas  "7 


lola. 
Marquette, 

Peerless, 
Owl, 

Sunflower, 
Universal, 

Vulcanite, 


Pat  Test. 


Ball    Test. 


The  water  was  gradually  brought  to  a| 
boil  in  one  hour.  The  boiling  was  contin-| 
ued  for  two  hours.  At  the  end  of  this 
time  the  paf  was  so  badly  disintegrated 
that  the  experiment  was  stopped.  (Rep- 
repentative  of  three  distinct  tests.) 

Another  pat  was  made,  from  same  sam- 
ple as  above,  and  gradually  heated.  At 
the  end  of  30  minutes  a  large  crack  form- 
ed extending  completely  across  the  pat. 
At  the  end  of  one  hour,  when  the  water 
began  to  boil,  the  surface  of  the  pat  was 
covered  with  cracks.  The  boiling  was 
stopped  at  2  1-2  hrs.,  because  the  pat  had 
completely  fallen  to  pieces. 

Three  pats  were  boiled  for  three  hours. 
A.11  loosened  from  the  glass.  O'ne  pat| signs  of  checks  or  cracks, 
cracked  through  the  center  and  was  bad-j 
ly  warped.  O'ne  showed  small  surface) 
Bracks  and  the  other  showed  no  signs  of 
checks  or  disintegration. 


The     ball      showed      no 


Pat  was  not  loosened  from  glass,  edges 
I  remained  sharp,  and  there  were  no  signs  hard 
'of  checks   or  cracks.    (Representative   of  " 
seven  tests). 


Ball     was      sound     and 
was    not    loosened 
from  glass.  (Rep.  of  seven 
tests). 


Pat  was  not  loosened  from  glass,  was  The  ball  showed  no 
sound  and  hard,  and  showed  no  signs  ofjsigns  of  checks  or  disin- 
disintegration.  (Representative  of  elevemtegration.  (Rep.  of  eleven 
tests).  tests). 

The  pat  was  not  loosened  from  the 
glass,  and  showed  no  signs  of  disintegra- 
tion. 

Pat  loosened  from  glass  but  was  not 
disintegrated.  (This  is  representative  of 
two  tests). 

Another  pat  loosened  from  glass  but 
showed  no  signs  of  checking  or  disin- 
tegration. (Representative  of  two  tests). 

Pat  was  sound  and  hard  and  remain- 
ed firmly  attached  to  the  glass. 

Pat  did  not  loosen  itself  from  the  glass, I  The  ball  was  roughened 
but  was  slightly  roughened  on  the  sur-'on  surface  and  showed 
face.  [slight  signs  of  disintegra- 

tion. 

A  pat  from  another  sample  remained!  The  ball  was  sound  and 
smooth  and  showed  no  signs  of  disin-lhard.  (Rep.  of  two  tests), 
tegration.  (Representative  of  two  tests).! 

The    pat    was    not    loosened    from    thel    The  'ball  was  free  from 
glass,     remained     sound    and    hard    and! checks    or    cracks. 
free   from   all   signs   of  disintegration. 


TABLE   NO'.    14. 
FINENESS   TESTS    OF   PORTLAND    CEMENT. 


Brand   of  Cement 

Number 

of  Sieve 

Per  Cent.  Passed 
No.  74 

Per 

Cent  Passed 
No.  100 

Per  Cent.  Passed 
No.  200 

Atlas            »  

Max. 
Min. 
Avg.      (6)* 

Max. 
Min. 
Avg.      (3)* 

Max. 

Min. 
Avg.      (5)* 

99.35 
94.95 
96.53 

95.80 

97.75 
93.00 
95.72 

99.40 
96.80 
98.28 

95.65 

(6) 

(3) 
(5) 

95.40 
90.10 
91.86 

93.45 

94.30 
89.55 
91.63 

96.10 
93.30 
94.76 

82.00 
75.85 
(6)         77.93 

80.20 

76.20 
68.45 
(3)         70.14 

81.50 
80.10 
(5)         80.74 

78.65 

lola 

Marquette   

C*wl 

Sunflower   

U.    S.    Army   Engineers 
Specifications    

92.00 

*The    numbers    placed    in    brackets    indicate    how    many    briquettes    were    used 
to    form    the   average. 

TABLE   NO.   15. 

TIME  C'F  SETTING  O'F  PORTLAND  CEMENTS. 
Gilmore  "Wire  Test. 


Brand  of   Cement 

Initial 

Set 

Final  Set 

Atlas     

Max. 

1  h-  7  m 

(j  h-30  m 

Marquette                      .... 

Min. 
Avg.      (2)* 

1  h-  5  m 
1  h-  6  m 

3  h-10  m 

6  h-30  m 
(2)*       6  h-30  m 

Owl     
Sunflower 

Max. 

Min. 
Avg.      (5)* 

3  h-30  m 
1  h-50  m 
2  h-47  m 

5  h-  0  m 

12  h-  0  m 
10  h-  0  m 
(5)        10  h-54  m 

8  h-  0  m 

Universal    

2  h-  0  m 

U.  S.  Army  Engineers 
Specifications 

**Not  less   than  45 
***20  rn.   to  30  m. 

m. 

Not  more  than  10  h. 
45  m.   to  2  1-2  h. 

*The    numbers    placed    in    brackets    indicate    how    many    briquettes    were    used 
to    form    the   average. 

**Slow    setting.     ***Quick    setting. 

SPECIAL   INVESTIGATION   OF   PORTLAND   CEMENT 

MADE  BY  MESSRS.  G.  W.  MILLER,  B.  C.  E.,  AND 

D.  E.  DONOVAN,  B.  C.  E.,  IN  1903-04. 

In  1903-04  a  special  investigation  of  Portland  cements,  with 
reference  to  the  needs  of  the  City  Engineer's  Department  at  Des 
Moines,  Iowa,  was  carried  out  in  our  laboratory  by  Messrs.  G.  W. 
Miller  and  D.  E.  Donovan,  at  that  time  seniors  in  the  course  in 
Civil  Engineering-  at  the  Iowa  State  College.  The  investigation 
was  made  as  thesis  work,  under  the  supervision  of  the  head  of  the 
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Civil  Engineering  Department,  and  in  active  co-operation  with 
Mr.  J.  W.  Budd,  City  Engineer  of  Des  Moines,  Iowa,  and  Mr. 
Karl  C  Kastberg,  City  Engineer  of  Boone,  Iowa,  (at  that  time 
Assistant  City  Engineer  of  Des  Moines,  Iowa).  The  expense  of 
the  work  was  largely  paid  !by  the  City  Engineering  Departmert 
of  Des  Moines.  Material  for  the  tests  was  furnished  free  of 
charge  by  Messrs.  Perkins  &  Perkins,  Cement  Dealers,  Des 
Moines,  Iowa;  The  Alpha  Portland  Cement  Co.,  Alpha,  N.  J.; 


Fig.     13.    ARMORY,     AMES,     IC'WA. 
Built    Entirely    of    Reinforced    Concrete    Blocks. 


Alsen's  American  Portland  Cement  Co.,  Coplay  and  Northamp- 
ton, Pa.;  Chicago  Portland  Cement  Co.,  Ogrlesby,  111.;  Illinois 
Steel  Co.,  Chicago,  111.;  lola  Portland  Cement  Co.,  lola,  Kan.; 
Lawrence  Cement  Co.,  of  Pennsylvania,  Siegfried,  Pa.;  Lehigh 
Portland  Cement  Co.,  West  Coplay  and  Ormrod,  Pa.,  Mitchell, 
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Ind.,  and  Wellston,  O.;  Vulcanite  Portland  Cement  Co.,  Vulcan- 
ite, N.  J.;  and  the  Virginia  Portland  Clement  Co.,  Craigsville,  Va. 

The  tests  were  made  in  accordance  with  the  specifications 
of  the  U.  S.  Army  Engineers,  -except  that  in  the  boiling  tests  for 
soundness  the-  boiling  w7as  carried  on  only  4  hours,  instead  of  6 
hours,  and  a  ball  test  was  made  in  addition  to  the  pat  test. 

The  result  of  these  tests  are  presented  below: 


TABLE  NO.  16 
TENSILE  STRENGTH  OF  PORTLAND  CEMMENTS. 


MILLER  AND  DONOVAN,  1905. 


Brand 

NEAT 

1-3  CRUSHED  QUARTZ 

7  Days       28  Days)  3  Mos.    6  Mos.  1-1  Year 

7  Days|28Daysi  3  "Mos.    6  Mos.    1  Year 

Alpha     |Max.        795 

876 

955 

1305 

1226 

182 

352 

357 

352 

347 

IMin.         600 

730 

790 

715 

705 

130 

225 

261 

256 

312 

Av.  (12)  725] 

(12)  786| 

(12)  8391(12)  902 

(14)  1012 

(12)  154 

(U)  278 

(10)  306 

(10)  282 

(13)  337 

Alsen's 

Max.        533 

705 

857 

832 

995 

125 

169 

165 

224 

233 

Amer. 

Min.         380 

565 

755 

613 

938 

90 

125 

121 

160 

219 

Av.     (5)  410| 

(5)  636| 

(6)  812| 

(6)  763 

(8)    979 

(9)  105 

(10)  146 

(10)  136 

(7)  188 

(6)  226 

Alsen's 

Max. 

667 

865 

900 

SOS 

155 

160 

173 

188 

261 

G'er'an 

Min. 

532 

656 

660 

645 

120 

122 

'     132 

161 

229- 

Av.     (1)  480 

(5)  596|  (4)  748| 

(3)  757 

(8)    752 

(12)  141 

(12)  134 

(10)  145 

(11)  1771(13)  246 

Atlas 

Max.        735 

870 

810 

762 

1138 

251 

313 

360 

346 

426 

Min.         550 

640 

545 

621 

859 

193 

240 

305 

274 

338 

Av.  (10)  633 

(9)  700 

(9)  703  |  (9)  706 

(14)    969 

(11)  219 

(11)  274 

(11)  337 

(11)  322 

(14)  373 

Chica- 

Max.       642 

845 

9641        1030 

893 

139 

156 

170 

193 

233 

go  AA 

Min.         462 

615 

700)         710 

856 

106 

137 

130 

160 

216 

Av.  (11)  550 

(12)  738 

(11)  861  |(11)  882 

(6)    873 

(12)  119 

144 

(12)  145 

(12)  181 

(13)  224 

Drag'n 

Max.        902 

900 

880!         899 

1096 

160 

243 

295 

292 

397 

Min.         612 

706 

700          642 

846 

118 

118 

140 

189 

312 

Av.  (12)  699 

(12)  782 

(12)  793|  (9)  750 

(12)    951 

(11)  146 

(10)  186 

(11)  207 

(11)  241 

(13)  347 

G'er- 

Max.        532 

813 

922 

1095!         1239 

101 

144 

126 

175 

305 

mania 

Min.         387 

665 

690 

590]         1005 

58 

96 

100 

152 

213 

Av.  (13)  461 

(13)  736|(13)  816 

(9)  8741(14)  1106 

(11)    76 

(12)  118 

(12)  115 

(11)  163 

(12)  259 

Tola 

Max.        705 

10601        1060          840]           917 

170 

275 

303 

262 

305 

Min.         445 

740          620          6351           707 

110 

188 

223 

218 

283 

|Av.   (11)  599 

(12)  856|  (12)  862|(1D  726 

(7)    810 

(12)  145 

(12)  229 

(12)  269 

(13)  241 

(13)  292 

Lehigh 

Max.        740 

9401         950 

1015 

928 

197 

195 

170 

201 

218 

Min.         610 

6601          722 

6651           691 

61 

104 

105 

151 

189 

Av.   (13)  6871(13)  784|(14)  S45|(ll)  879 

(11)    836 

(11)  1161(10)  137 

(12)  152 

(12)  176 

(14)  204 

Old  Do- 

Max.       817!         8301         975!        1035 

966 

100 

170 

185 

207 

286 

minion 

Min.         552)         657          720          805 

764 

61 

103 

120 

133 

229 

Owl  (1st 

Av.  (11)  655|(11)  711|(10)  841|(12)  880|'(11)    852|(10)    81 
Max.        572          8021        1093!         980!         10981           98 

(12)  128 
137 

(12)  143 
155 

(12)  173 
181 

(13)  245 
225 

Sam- 

Min.        425 

670  |         722  |         695  j           792            66 

110 

120 

161 

212 

ple) 

Av.  (11)  518 

(10)  742|  (9)  8601(11)  8511(11)    9591(11)    83i(10)  128 

(12)  135 

(12)  171 

(12)  218 

Owl   (2d 

Max.        332 

565 

830          903  |         1096!         157 

168 

168 

229  |         358 

Sam- 

Min.        265 

365 

630|         72l|           986            58 

118 

140 

160|         225 

ple) 

Av.     (6)  289 

(6)  448 

(6)  7401(10)  768|   (6)  1025|(11)  102)  (11)  139 

(12)  151 

(12)  189 

(14)  320 

Uni- 

Max.       745 

984 

985|        1015          10101         1631         178 

190 

236 

359 

versal 

Min.         496 

C95 

705|         681 

775 

118 

132 

152 

180 

329 

Av.  (14)  581 

(15)  791 

(16)  801  |(16)  834 

(15)    911 

(11)  139 

(11)  152 

(12)  173 

(12)  209 

(10)  340 

Vul- 

Max.       986 

955 

960 

1000 

1235]          285 

352 

411 

336 

349 

canite 

Min.         730 

814 

725 

650 

714  |         180 

225 

255 

246 

260 

Av.  (10)  828 

(9)  902|   (9)  844 

(10)  782 

(10)    9381(12)  216 

(11)  302 

(10)  321 

(12)  292 

(13)  310 

White- 

Max.        610 

886|         912 

930 

950 

105 

152 

158 

188 

226 

hall 

Min.         500 

650|         685 

710 

710 

50 

120 

126 

144 

194 

Av.  (10)  535 

(22)  723|(23)  803 

(22)  811  |(14)    864 

(U)    74 

(12)  136 

(12)  142  j  (11)  160!(13)  211 

U.  S.  A. 

Engs. 

**450-400 

**540- 

**140- 

**220- 

Sp'fic's 

480 

120 

180 

Amer. 

Soc.    for]                                      |               |               |                     xx 

Testing  |     x  450-550    |  x  550-  |                                              |xx  150-|xx  200- 

Mater.     |                        |        650  |                             |                |        200  |        300 

I 

The   numbers   in    the   brackets   indicate    the   number   of   tests   averaged. 
**The  first  number  is  for  Slow  Setting  and  the  second  for  Quick  Setting  cements. 
xThe  first  number  is  minimum  and  second  is  maximum  permissible. 
xxStandard  Natural  sand  No.  20-30  instead  of  crushed  quartz. 
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riiffprAnt  ^ltt»lttl"  showing  strengths  of  Portland  cements  and  cement  mortars 
rent  ages  as  tested  by  Messrs.  Miller  and  Donovan. 

To  enable  these  tests  to  be  studied  more  readily  the  average 
strengths  are  platted  in  Fig.  14,  in  which  the  relative  strengths 
at  different  ages  can  be  seen  at  a  glance. 

On  examination  of  Table  No.  16  and  Fig.  14  it  will  appear 
that  the  crushed  quartz  tests  are  in  general  somewhat  low  as  com- 
pared with  the  requirements  of  the  U.  S.  Army  Engineers,  or  of 
the  American  Society  for  Testing  Materials,  and  also  as  com- 
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pared  with  the  neat  strengths  shown  by  the  same  cements.  Messrs. 
Miller  and  Donovan  have  no  explanation  of  this  fact.  It  is,  of 
course,  possible  that  some  unknown  property  of  the  particular 
crushed  quartz  used  (which  was  all  purchased  from  one  dealer) 
may  have  lowered  the  result,  though  this  does  not  seem  probable. 

As  to  neat  strength,  thirteen  of  the  fourteen  cements  tested 
passed  the  Army  Engineers'  seven 'day  specification  and  thirteen 
of  the  fourteen  the  twenty-eight-day  specification. 

As  to  the  i — 3  crushed  quartz  strength,  however,  only  seven 
of  the  fourteen  passed  the  seven-day  specification,  and  only  four 
of  the  fourteen  the  twenty-eight-day  specification.  The  crushed 
quartz  tests,  therefore,  in  view  of  the  good  reputation  of  some  of 
the  cements  giving  low  results,  should  not  be  accepted  too  im- 
plicitly. 

One  of  the  most  striking  facts  brought  out  by  a  careful  study 
of  Table  No.  16  and  Fig.  14  is  that  the  strength  was  in  general 
still  increasing  at  the  end  of  one  year.  The  average  increase  in 
strength  at  the  end  of  the  year  over  the  strength  at  i  month  old 
was  54  per  cent  for  the  sand  tests  and  22  per  cent  for  the  neat 
tests.  In  structures  in  which  cement  is  used  this  fact  is  one  of 
great  advantage  and  should  be  clearly  understood.  It  evidently 
is  not  fair  to  compare  the  strength  of  concrete  blocks  or  cement 
drain  tile  as  determined  in  comparatively  short  time  tests  with  the 
strength  of  stone,  brick,  or  burnt  clay  tile.  The  latter  are  at  their 
best  when  first  used,  but  the  strength  of  the  cement  products  in- 
creases for  years. 

Soundness  Tests  of  Portland  Cement — Miller  and  Donovan. 
The  results  of  the  accelerated  soundness  tests  of  the  cements  of 
Table  16  and  Fig.  14  appear  below. 

ACCELERATED    SOUNDNESS   TESTS    OP   PORTLAND    CEMENT— MILLER 

AND  DO'NCTVAN. 


TABLE  No.  17 

Brand 

Pat  Tests 

Ball   Test 

Alpha 

Good    hard    sharp  edges 

Alsen's   American.. 
Alsen's   German 

Good,  sharp  edges 

Scaled  slightly 
Roughened    hard  and  sound 

Atlas  

Good,  hard    sharp  edges 

Fair     slightly   disintegrated 

Chicago  AA  
Old  Dominion  
Dragon                       ' 

Good,   hard 
Good,  hard,   sharp  edges 
Good    sharp  edges 

G'ood,    hard 
G'ood,    hard 

Germania 

Scales  1-16  in  over  1-7  of  surf'ce 

Slightly  peeled 

Tola      .... 

Good    sharp  edges 

Good 

Lehigh    
O*wl  (1st  sample)... 
Owl  (2d  sample).... 
Universal 

Good,  hard,  sharp  edges 
Fair 
Disintegrated   entirely 
Good    sharp  edges 

G'ood.    hard 
Roughened,    hard 
Poor,  cracked  and  spalled  badly 
Good 

Vulcanite 

Good    sharp  edges 

Good 

Whitehall  .. 

Spalled  slightly  on  edges 

Good 
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Cold  water  soundness  tests  were  also  made,  with  the  follow- 
ing results: 

COLD  WATER  SOUNDNESS  TESTS  OF  PORTLAND  CEMENTS— G.  W.  MILLER 

AND  D.  E.  DC'NO'VAN. 

TABLE  No.  18 


Brand 

Condition    at   the   close  of    test 

No  checks 
No  checks 
No  checks 
No  checks 
No  checks 
No  checks 
No  checks 
Scaled  slightly 
No  checks 
No  checks 
No  checks 
Scaled  badly 
No  checks 
No  checks 
No  checks 

Not  very  hard 

Fairly  hard 
Hard 

Hard 

Not   hard 
Fairly  hard 

Not  very  hard 
Soft 
Fairly  hard 
Hard 
Fairly  hard 

Fast  to  glass 
Loose 

Loose 
Fast 

Loose 
Loose 
Loose 
Fast 
Loose 
Loose 
Fast 
Loose 
Loose 

Alsen's   American 

Alsen's   German 

Atlas                  

Chicago  AA  

Old  Dominion 

Dragon 

Germania               

lola    

Lehigh   

C*wl  (1st  sample) 

OVl   (2d   sample) 

Universal    

Vulcanite 

Whitehall  

Both  the  accelerated  and  the  cold  water  soundness  tests  agree 
in  indicating  that  two  of  the  cements  tested  were  unsound. 

Fineness  Test  of  Portland  Cementsby  Messrs.  G.  W.  Mil- 
ler and  D.  E.  Donovan.  The  results  of  the  fineness  tests  made  by 
Messrs.  Miller  and  Donovan  are  as  follows: 


TABLE  NO.  19 

FINENESS    TESTS    O'F    PORTLAND    CEMENTS'— G.    W.    MILLER    AND    D. 

DO'NO'VON: 


E. 


BRAND 

Per  Cent  Pass- 
ing No.  74 
Sieve 

Per  Cent  Pass- 
ing No.  100 
Sieve 

Per  Cent  Pass- 
ing No.  200 
Sieve 

Alpha  

96  9 

96  8 

78  6 

Alsen's    American  

97  9 

97  8 

73  0 

Alsen's    German      

95  0 

95  0 

75  7 

Atlas    

96  3 

96  3 

82  9 

Chicago   AA  

97  6 

97  1 

70  3 

Old  Dominion 

98  5 

98  2 

78  2 

Dragon   

97  0 

96  9 

73  3 

Germania   

98  9 

98  8 

77  4 

lola   

97  6 

97  0 

79  0 

Lehigh 

93  7 

91  7 

66  8 

Owl  (1st  sample)  

96  3 

94  9 

79  2 

Owl  (2d  sample)  

97  3 

96  3 

80  7 

Universal    

98  9 

98  7 

81  1 

Vulcanite    

95  8 

95  8 

76  5 

Whitehall  

96.5 

95l9 

68.9 

U.  S.  Army  Engineers  Specifications  



32.0 

.... 

Amer.  Society  for  Testing  Materials,  Spec. 

92.0 

75.0 

Examination  of  the  above  table  shows  that  all  the  cements 
passed  the  specifications  of  both  the  U.  S.  Army  Engineers  and 
the  American  Society  for  Testing  Materials  as  to  the  No.  100 
sieve,  but  that  five  cements  failed  to  pass  the  specifications  of  the 
American  Society  for  Testing1  Materials  as  to  the  Nb.  200  sieve. 

Specific  Gravity  of  Portland  Cements — Miller  and  Donovan. 
The  specific  gravities  of  the  above  cements  were  determined  with 
the  results  given  below: 
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SPECIFIC  GRAVITY  OT1   PC'RTLAND   CEMENTS— G.    W.    MILLER   AND   D.    E. 

DONOVAN. 
TABLE  No.  20 


Alpha                  

3.05 
3.15 
3.18 
3.10 
3.25 
3.13 
3.15 
3.16 
3.16 
3.18 
3.12 
3.25 
3  18 

Alsen's    German 

Atlas 

Chicago  AA 




Old  Dominion  



Germania 

lola 

Lehigh 

..  . 

Owl  (1st  sample)  

"« 

O'wl  (2d  sample)  

Universal 

Vulcanite   

3.20 
3.20 
Between  3.10  and  3.25 
Not  less  than  3.10 

Whitehall 

U.   S.   Army  Engineers  Specific 
American  Society  for  Testing  I 

ations  

Materials.. 

Chemical  Analyses  of  Portland  Cements — Miller  and  Dono- 
van, dt  had  already  been  explained  that  chemical  analyses  are 
not  commonly  made  in  the  ordinary  testing-  of  cement,  and  that 
they  are  not  important  in  the  way  that  strength  and  soundness 
tests  are  important.  In  fact  usually  the  entire  value  of  the  ce- 
ment depends  upon  its  soundness  and  its  strength  when  made 
with  sand  into  a  mortar.  All  other  tests  are  of  value  only  as  in- 
dicating how  the  cement  will  behave  in  these  two  vital  respects, 
or  as  explaining  failure  or  good  quality. 

'Chemical  analyses  may  help  to  explain  the  behavior  of  the 
cement,  and  hence,  while  they  are  too  expensive  and  of  too  lit- 
tle value  for  ordinary  testing,  yet  in  a  scientific  investigation 
such  as  was  being  made  by  Messrs.  Miller  and  Donovan  it  was 
desirable  that  they  should  be  made.  Hence  they  were  carried  out 
in  the  laboratory  of  the  Department  of  Agricultural  Chemistry 
of  the  Iowa  State  College,  with  results  as  given  below: 

CHEMICAL    ANALYSES     OF     PORTLAND     CEMENTS— G.     W.     MILLER     AND 

D.    E.    DONOVAN. 
TABLE  No.  21 
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more 
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more 
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4o 

In  explanation  of  the  "cementation  index"  in  the  above 
table  it  may  be  said  that  it  is  a  number  which  shows  the  relative 
-proportions  of  the  active  elements  of  the  cement,  i.  e-.,  of  those* 
which  by  forming  chemical  union  during  the  process  of  manufac- 
ture give  the  product  cementing-  value.  It  is  calculated  by  the 
following  formula: 

2.8xSilicia-f-Alumina  and   Iron 
Cementation  Index=—   — =•-—  — ™ —    — -. — 

Lime+i.4X  Magnesia 

With  absolutely  perfect  chemical  union  during  manufacture 
i.oo  would  be  the  ideal  value  for  the  cementation  index.  With 
the  necessarily  somewhat  imperfect  union  in  actual  manufacture 
most  Portland  cements  have  a  cementation  index  greater  than 
i.oo. 

•  Two  of  the  cements  show  in  their  chemical  analyses  more 
sulfuric  acid  (sulfur  trioxide)  than  the  American  Society  for  Test- 
ing Materials  Specifications  allow,  and  it  is  significant  that  these 
were  the  same  brands  which  failed  to  pass  the  soundness  tests. 

CONCLUSIONS. 

We  believe  that  the  facts  brought  out  in  this  bulletin  war- 
rant the  following  conclusions: 

1.  Cement  is  an  indispensable  material  for  many  kinds  of 
construction, 

2.  The  use  of  cement  is  constantly  extending. 

3.  As  placed  on  the  market  cement  is  a  variable  material, 
different  brands  and  even  at  times  different  shipments  of  the  same 
brand  'differing  widely  in  value. 

4.  The  value  of  any  cement  can  be  determined  by  properly 
conducted  tests  made  in  a  reputable  cement  laboratory. 

5.  In  our  laboratory  we  make  such  tests  for  residents  of 
Iowa  for  the  bare  cost  of  the  work,  the  expense  being  very  low. 
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